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Abstract. We have derived element abundances in 310 emission-line galaxies from the Early Data Release of the 
Sloan Digital Sky Survey (SDSS) for which the [O ill] A4363 emission line was detected, allowing abundance 
determination by direct methods. We found no extremely metal-deficient galaxy (Z ^ Zq/12)*, probably as a 
consequence of selection effects in the SDSS sample. The oxygen abundance 12 + log O/H of the SDSS galaxies 
I | sample lies in the range from ~ 7.6 (Zq/12) to ~ 8.4 (Zq/2). This sample is merged with a sample of ~100 

blue compact dwarf galaxies with high quality spectra containing some very low-metallicity objects to study the 
■^j- ' abundance patterns of low-metallicity emission-line galaxies. We find that the a element-to-oxygen abundance 

, ratios do not show any significant trends with the oxygen abundance, in agreement with previous studies. The 

■ Fe/O abundance ratio is smaller than the solar value, which we interpret as an indication that type la supernovae 

have not yet appeared in these galaxies, implying an age of less than 1-2 Gyr. However, a slight decrease of the 
Fe/O abundance ratio with increasing metallicity suggests some depletion of iron onto dust in the galaxies with 
higher metallicities. The N/O abundance ratio ranges from log N/0= -1.6 to -0.8. The fact that no galaxy with 
log N/O ^ -1.6 was discovered implies that local low-metallicity emission-line galaxies are of a different nature 
than high-redshift damped Lya systems with log N/O of ~ -2.3 and that their ages are probably larger than 100 
|' - 300 Myr. Our data indicate the existence of a gradual nitrogen enrichment on a time-scale of a few Myr. 
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' 1. Introduction case of the two extremely metal-deficient galaxies, I Zw 

. _, i r i t , ^ I,. • 18 and SBS 0335-052, there is however no clear evidence 

I he study of clement abundances m low-mctalhcity r , , ,, , ,. , , T , , 

/\ J ,oi such stellar population and these galaxies may be gen- 

$_i ' emission-lmc galaxies is important for our understanding . , , „ , rp, „ T , i isnivn n *, 

C$ f n. i • i i a- r i „j r ■ umely young (e.g., Hunt, lhuan & Izotov |2003| Guseva et 



al. 2003c). 



of the chemical evolution of galaxies and for constrain- 
ing models of stellar nucleosynthesis and the shape of the 
initial mass function. The optical spectra of H II regions Studies of local metal-poor emission-line galaxies are 
in these galaxies show strong narrow emission lines su- also crucial in the context of galaxy formation. The prox- 
perposed on a stellar continuum that is rising toward the imity of these metal-poor galaxies allows studies of their 
blue, allowing abundance determinations of such heavy el- structure, metal content, and stellar populations in a 
emcnts as nitrogen, oxygen, neon, sulfur, argon, and iron, nearly pristine environment with a sensitivity, precision, 
The oxygen abundance in the most metal-poor and spatial resolution that faint, small angular size, dis- 
emission-line galaxies is around 1/30 times the solar value, tant high-redshift galaxies do not allow. In particular, the 
which makes these objects among the least chemically comparison of the abundance patterns in the local low- 
evolved galaxies in the universe. It was proposed (Sargent metallicity dwarf galaxies and distant damped Lya sys- 
& Searle IT9YC1 that the most metal-poor galaxies were terns (DLA) can shed light on the properties and the evo- 
actually experiencing their first burst of star formation, lution of the primeval high-redshift galaxies. 



However, subsequent photometric and spectroscopic stud- 
ies have shown that the majority of metal-poor galaxies 



The abundances of CNO play an especially important 

, , .., , . n , . , role in the understanding the chemical evolution of the 

also possess several Gyr old stellar populations. In the , . T , . , , .. , , , , , , H 

J galaxies. It is well established (e.g., Maeder 119928 that 



Send offprint requests to: Y. I. Izotov, izotov@mao.kiev.ua oxygen and likely carbon are produced mainly by massive 
* 12+log(0/H) Q =8.69 ± 0.05 CLodders l2003ll . stars. The origin of nitrogen is more controversial. 
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In local metal-poor star-forming galaxies the nitrogen- 
to-oxygen abundance ratio is found to be constant (e.g., 
Garnett 1990) with a very low dispersion around the mean 
value of log N/O = -1.6 for galaxies with oxygen abun- 
dance 12 + log O/H < 7.6 (Thuan, Izotov & Lipovetsky 
1X3351 Izotov & Thuan ITM3jl . This led Thuan et al. l(T393|l 
and Izotov & Thuan ( 1999) to infer that in those galaxies, 
nitrogen has been produced by massive stars as a pri- 
mary element and hence the lowest-metallicity galaxies 
are young systems. However, Henry, Edmunds & Koppen 
( 2000 ) proposed another explanation involving a star for- 
mation occuring at a very low rate, with massive stars 
producing oxygen and intermediate-mass stars producing 
primary nitrogen with a typical time-lag of 250 Myr. 

In high-redshift low-metallicity damped Lya systems, 
on the other hand, the spread of the N/O abundance ra- 
tio appears to be very large (e.g., Lu, Sargent & Barlow 
Centurion et al. l20"0"3"|l . The N/O abundance ratio in 
some DLAs is found to be one order of magnitude lower 
than that in blue compact dwarf galaxies (BCD) of same 
metallicity. If real, such differences suggest that DLAs 
and BCDs are systems in different evolutionary stages. 
This also raises doubts on the young age of the lowest- 
metallicity BCDs and suggests that the production of ni- 
trogen by intermediate-mass stars is actually important in 
the low-metallicity BCDs and DLAs. This is in line with 
predictions of new models of rotating stars (e.g., Meynet 
& Maeder E?002[) . although these models also predict the 
production of a large amount of primary nitrogen by low- 
metallicity massive stars. 

Emission-line galaxies with very low metallicity are 
rare. Only two dozens of BCDs with an oxygen abun- 
dance 12 + log O/H 7.6 are known up to now. The 
aim of this paper is to produce a large sample of low- 
metallicity emission-line galaxies with reliably derived el- 
ement abundances and to compare them with those in 
the high-redshift DLAs. This should allow a better un- 
derstanding of the nitrogen production and of the evolu- 
tionary status of both types of objects. We have used the 
early data release (EDR) of the Sloan Digital Sky Survey 
(SDSS) (Stoughton et al. :2002| which includes the spec- 
tra of ~ 50000 galaxies, and searched for low-metallicity 
emission-line galaxies. The procedure and the resulting 
sample are described in section 2. The derivation of the 
elemental abundances is presented and discussed in sec- 
tion 3. The main conclusions of this study are presented 
in section 4. 

2. The sample 

The flux-calibrated spectra of the SDSS galaxies from 
the EDR have been extracted from the Space Telescope 
Science Institute archives 1 . 

From an examination of ~ 50000 spectra, we selected 
a sample of 310 emission-line galaxies with an emission 
feature at the wavelength of the [O III] A4363 emission 

1 http: / / archive.stsci.edu/sdss. 
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Fig. 1. Typical spectra of the (a) low-excitation and (b) 
high-excitation H n regions from the SDSS EDR. The 
spectra are transformed to a linear wavelength scale and 
zero redshift. 

line detected at least at the la level. The presence of this 
line allows a direct (as opposed to statistical or model- 
dependent) determination of the electron temperature and 
abundances. It also discriminates against metal-rich galax- 
ies, in which important cooling of the H n regions by met- 
als strongly reduces the excitation of this line. Because 
the wavelength scale of the extracted spectra is nonlinear 
they have been transformed to a linear wavelength scale. 
Then spectra have been reduced to a zero redshift using 
the galaxy redshifts provided in the EDR. Typical spec- 
tra of the galaxies from the SDSS sample are shown in 
Fig. ^ The upper spectrum is of lower excitation as com- 
pared to the lower spectrum as evidenced by the fluxes of 
[O n] A3727 and [O m] A4959, 5007 emission lines rela- 
tive to Hp. Emission line fluxes have been measured using 
Gaussian fitting. They have been corrected for interstel- 
lar extinction using the observed hydrogen Balmer line 
fluxes. The spectra in the SDSS sample cover the wave- 
length range ~ A3820 - 9300A, therefore the line [O n] 
A3727 has not been detected in low-redshift galaxies with 
z £ 0.025. In those cases we used the [O n] A7320,7331 
emission lines. Another problem with the SDSS spectra is 
that in many cases some of the strongest lines, most often 
Ha and [O ill] A5007, are clipped. Therefore, many ob- 
jects with strong emission lines were not included in our 
sample. However, in the cases when only Ha and [O in] 
A5007 emission lines are clipped, their fluxes are adopted 
to be respectively 2.8x7" (H/3) and 3x7([0 in] A4959). 

Figure [21 shows the classical diagnostic diagram [O III] 
A5007/H/3 vs [N n] A6583/Ha used to distinguish ob- 
jects ionized by massive main sequence stars from objects 
ionized by non-thermal radiation. The dashed line sepa- 
rates the former (labeled "H II" ) from the latter (labeled 
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"AGN") (Osterbrock[THE9- Most of our selected objects 
fall in the "H II" region on the diagram. Only in two galax- 
ies the ionization by a non-thermal radiation is important. 
Note that the situation is very different when considering 
an entire sample of emission-line galaxies without impos- 
ing the detection of [O in] A4363 emission line. For such 
a sample, which contains a large proportion of metal-rich 
galaxies, about 30% of the galaxies are found in the AGN 
region (Heckman & Kauffmann 2003). 

Because of the good spectral resolution of the SDSS 
spectra the singlet He I A5015 emission line is separated 
from the strong [O in] A5007 emission line. This feature 
of the SDSS spectra is of interest for the determination of 
the primordial He abundance (Cota & Ferland ll988|l . The 
flux of the He I A5015 line for the case B model is ~ 0.02 
that of H/3, while it is much weaker in the case A, only 
~ 0.0005 that of H/3 fBrocklehurst IW721 Aller 11351 ). In 
Fig.[3]we show the He I A5015/H/3 emission line flux ratio 
vs oxygen abundance 12 + log O/H. The solid line is the 
mean value of the He I A5015/H/3 emission line flux ratio, 
and dashed lines show la deviations. The points in Fig. 
[3] are scattered around a mean value of ~ 0.02, consistent 
with the case B model for He in singlet states. 

In addition to the SDSS EDR, we use a sample of 
galaxies which has been collected primarily to study the 
helium abundances in low-metallicity blue compact dwarf 
galaxies (the HeBCD sample). This sample is gradually 
increasing with the addition of new objects and now in- 
cludes ~ 100 galaxies. Most of the objects are blue com- 
pact dwarf galaxies from the First and Second Byurakan 
surveys, but a number of them are emission-line galax- 
ies from the Hamburg, University of Michigan, Tololo 
and Case surveys. High signal-to-noise ratio spectra of 
these galaxies in the wavelength range A3600 - 7400A 
have been obtained with different 2m - 10m class tele- 
scopes. Some galaxies were observed several times. We in- 
cluded in the sample all these independent observations. 
All spectra were reduced in the same way according to 
the prescriptions of Izotov et al. I|1994l I1997a|) . The line 
fluxes corrected for extinction can be found in Izotov et 

ai. $m%[mF\mwanM7b\[m®\'h){)\a\mriU, izoto v 

& Thuan l|l998allT998h1l2T)m|l . Thuan et al. ltT59^i™|). 
Lipovetsky et al. ijT^jl . Guseva et al. (|M)0ll2UCPTll2003al 
l2003bll2UfJ3cJ> . Hopp et al. l|2UUU|) . Fricke et al. P3UT|> . 

The comparison of the global characteristics of the 
SDSS and HeBCD samples was presented by Stasihska 
& Izotov ( 2003J and 

can be summarized as follows. The 
SDSS galaxies are generally fainter than the HeBCD ones 
and their spectra are of lower signal-to-noise ratio. On av- 
erage, the SDSS galaxies are more distant but their H/3 
luminosities are similar to those of the HeBCD galax- 
ies. The equivalent width distributions are different, being 
more skewed toward large equivalent widths in the HeBCD 
sample. Indeed, many galaxies from the HeBCD sample 
have been observed with the aim of deriving the primor- 
dial helium abundance, thus objects with large equivalent 
widths of the emission lines were preferentially selected. 
The distributions of E(B ~ V) are roughly similar in both 
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Fig. 2. Diagnostic diagram [O m]A5007/H/3 vs [N 
n]A6583/Hcv for low-metallicity emission- line galaxies 
from the EDR of the SDSS. The dashed line separates 
the H II regions from galaxies ionized by a non-thermal 
radiation (labeled "AGN") COsterbrock lT^ll . 
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Fig. 3. He I A5015/H/3 emission line flux ratio as a func- 
tion of the oxygen abundance. The solid line is the mean 
ratio and the dashed lines are la alternatives. 

samples. For the majority of the objects, the extinction is 
small (E(B -V)< 0.2). 

3. Element abundance determination 

The physical conditions and element abundances are de- 
rived from the emission line fluxes using the same pre- 
scriptions as in Izotov et al. I|19941 ITl)97a[) . The electron 
temperature T e (0 III) and number density N e (S n) are 
derived from the [O ill] A4363/(A4959+A5007) and [S n] 
A6717/A6731 emission line flux ratios. The quality of the 
spectra is good enough to derive the N, O, Ne, S, Al- 
and Fe abundances. We use [N n] A6548, 6583 emission 
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Fig. 4. log N/O (a), log Ar/O (b), log Ne/O (c), log S/O (d) and log Fe/O (e) vs oxygen abundance 12 + log O/H 
for the HeBCD and SDSS galaxies. Filled circles are the HeBCD galaxies, open circles are the SDSS galaxies with [O 
in] A4959/H/3 > 0.7 and asterisks are the SDSS galaxies with [O in] A4959/H/3 < 0.7. Solar abundance ratios from 
Lodders (2003) arc shown by solid lines. 



(a) 



no 




(b) 



-2.5 - ' ° o° 

• - HeBCD sample o 
o- SDSS ([0III]4959/H/S>0.7) 
#- SDSS ([OIII]4959/H/S<0.7) 

—3.0 ' ■ 




7.5 8.0 
12 + log 0/H 



-2.0 - 
-1.0 - 




n - J * * 



12+log 0/H 



Fig. 5. Same as in Fig.0] but after correction of the electron temperature T e (0 ill) in the SDSS galaxies with [O in] 
A4959/H/3 < 0.7 (asterisks). 



lines for the determination of nitrogen abundance, [O il] 
A3727 or [O n] A7320,7331, [O m] A4959, 5007 for the oxy- 
gen abundance, [Ne III] A3868 for the neon abundance, [S 
in] A6312 and [S n] A6717, 6731 for the sulfur abundance 
when all these lines are detected, [Ar in] A7135 (and [Ar 
iv] A4740 if seen) for the argon abundance, [Fe in] A4658, 
4988 for the iron abundance. The ionization correction 
factors to obtain the elemental abundances from the ionic 
ones are the same as used by Izotov et al. (119941 IT597a|) . 
We have checked the compatibility of these ionization cor- 
rection factors with those given by the photoionization 
models of Stasinska & Izotov ( 2003J which were built to 



fit the observed spectral properties of the samples ana- 
lyzed in the present paper. We have also run additional 
sequences of photoionization models, taking into account 
dielectronic recombination for sulfur and argon ions, and 
using Starburst 99 (Leitherer et al. I1999[) with the stel- 
lar model atmospheres described in Smith et al. ((21302). 
We find that the ionization correction factors that have 
been used are in reasonable agreement with the predic- 
tions from the models. The only noteworthy difference is 
in the case of neon. To compute the abundances, it was 
assumed that Ne/0=Ne ++ /0 ++ (which is the usual as- 
sumption). However, our models show that, as the ioniza- 
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tion parameter decreases (or, equivalently, as the ++ /0 + 
ratio decreases), the proportion of Ne ++ with respect to 
++ becomes larger, since charge transfer between ++ 
and H° becomes more efficient to recombine ++ . This 
effect is noticeable only when ++ /0 + is smaller than 8, 
and can lead to an overestimate of Ne/O by 0.2 dex when 
++ /0 + is equal to f . However, the importance of this 
effect also depends on the spectral energy distribution of 
the ionizing radiation field, which, in turn, depends on the 
metallicity. We have thus decided, for simplicity, to main- 
tain the usual way to derive the Ne/O ratio but keeping 
in mind any possible bias for discussion. 

In Fig. H we show the computed N/O, Ar/O, Ne/O, 
S/O and Fe/O abundance ratios vs oxygen abundance 
12 + log O/H for the SDSS and HeBCD galaxies. The 
HcBCD galaxies are represented by filled circles, while 
the SDSS galaxies are divided into galaxies with [O in] 
A4959/H/3 > 0.7 (represented by open circles) and galax- 
ies with [O in] A4959/H/3 < 0.7 (asterisks). In the latter 
galaxies, the equivalent width of H/3 is generally low and 
the [O in] A4363 emission line weak. This may cause a 
substantial uncertainty in the placement of the continuum 
due to the absorption lines of H7, He 1 and some heavy el- 
ements blueward and redward of the [O in] A4363 line. 
Consequently, we suspect that the derived abundances 
may be biased. As seen in Fig.^k, among the SDSS galax- 
ies with [O III] A4959/H/3 > 0.7 no object was found to 
have 12 + log O/H <, 7.6. The only SDSS galaxies with 
such a low oxygen abundance have [O ill] A4959/H/3 
0.7 (labeled by asterisks). Note that all the SDSS galaxies 
for which 12 + log O/H 5s 7.6 have N/O values which are 
several times larger than the N/O ratios derived in the 
most metal-deficient galaxies from the HeBCD sample. 
Furthermore, the asterisks show a clear trend of Ar/O de- 
creasing with increasing oxygen abundance (see Fig. 0Jj) , 
whereas the Ar/O abundance ratio is expected to be con- 
stant over the whole range of oxygen abundance consid- 
ered here (Izotov & Thuan ITM§| ) . 

This suggests that the derived oxygen abundances are 
underestimated, possibly due to an overestimation of the 
very weak [O in] A4363 line whose flux in these galaxies 
does not exceed 2% - 4% of the H/3 flux. The effect of 
an error in the electron temperature is much weaker on 
the determination of the Ne/O and S/O abundance ratios 
than on the determination of the N/O and Ar/O ones. 
This explains why no trend is seen in the log Ne/O vs 12 
+ log O/H or log S/O vs 12 + log O/H diagrams (from 
nucleosynthesis, Ne/O and S/O are expected to be con- 
stant, similarly to Ar/O). For example, if the real elec- 
tron temperature in a galaxy is 10000 K while the [O 
in] A4363/A4959 ratio gives an electron temperature of 
20000 K, the N/O ratio will be overestimated by a fac- 
tor of about 3 if derived with [O 11] A3727 and about 6 if 
derived with [O 11] A7330, the Ar/O ratio will be overes- 
timated by a factor of about 2, while Ne/O and S/O will 
be underestimated by only 30%. Note that such an impor- 
tant overestimation of the [O ill] A4363 flux is quite likely 
in noisy or low excitation spectra, due to a bad placement 



of the continuum or due to an erroneous detection of the 
[O ill] A4363 feature. However, we note that the auroral 
[S III] A6312 emission line has been detected in 30% of 
the spectra with [O in] A4959/H/3 < 0.7 implying that 
the presence of the [O ill] A4363 emission line is not an 
artefact in those spectra. It is likely that some additional 
heating mechanism other than the stellar radiation is im- 
portant in the galaxies labeled by asterisks. 

To correct the bias in the abundance determinations 
due to this temperature effect, we assume that all the 
SDSS galaxies labeled with asterisks in Fig. 0] have an 
Ar/O abundance ratio equal to the mean value (log Ar/O 
= -2.25) derived by Izotov & Thuan <)1999jl for the galax- 
ies from the HeBCD sample. Then we compute the value 
of the electron temperature needed to achieve such a re- 
sult, and use this temperature to rederive the abundances 
of O, N, Ne, S and Fe. The results of this procedure are 
shown in Fig. EJ which shows the same diagrams as Fig. 
0]but with the corrected abundances. We see that, now, 
there is not a single SDSS galaxy with 12 + log O /H 55 7.6. 
Also, the location of the entire sample of SDSS galaxies 
in the log N/O vs 12 + log O/H diagram is substantially 
more consistent with the distribution of the galaxies from 
the HeBCD sample (Fig. |S^), since no galaxies with 12 + 
log O/H < 7.6 and high N/O abundance ratio are found. 
On the other hand, no significant changes appear in the 
Ne/O, S/O and Fe/O vs 12 + log O/H diagrams except 
that the galaxies represented by asterisks are shifted to- 
wards higher oxygen abundance with respect to Fig. 
This supports the correctness of our approach. 

4. Discussion 

The distribution of the SDSS galaxies from the Early Data 
Release (open circles and asterisks) in the different panels 
of Fig. [S] confirms previous findings for HeBCD galaxies 
(Thuan et al. lEMl Izotov & Thuan IT39l?j l. The only strik- 
ing difference is that no extremely metal-deficient galaxies 
with 12 + log O/H < 7.6 (Z < Z Q /12) are found in the 
SDSS sample. Recall however that we have excluded from 
consideration galaxies with strong but clipped emission 
lines. Some of those galaxies could actually be metal-poor. 
Meanwhile, the SDSS Data Release 1 (DR1) has become 
available 2 . Galaxies from the EDR have re-reduced spec- 
tra included in the DR1. Among galaxies from the DR1 
sample only a few have spectra with clipped emission lines. 
Therefore, using the data from the DR1 sample, we have 
checked whether very metal-poor galaxies are present in 
the EDR, among those which have been excluded from 
our consideration because of clipped lines. No such galax- 
ies were found. We suspect that the selection criteria used 
in the SDSS to extract galaxies from multi-colour imag- 
ing data for follow-up spectroscopic work (Stoughton et 
al. l2()()2p are biased against the most metal-poor galaxies. 
First, in the SDSS galaxies are distinguished from stars by 
morphology. But distant blue compact dwarf galaxies can 

2 http://www.sdss.org/drl. 
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observed values of ++ /0 + as a function of 12 + log O/H. 



be morphologically indistinguishable from stars, and some 
of them might even appear in the quasar sample of the 
SDSS. In fact, we find several cases when low-metallicity 
emission-line galaxies were classified as QSOs. Second, ex- 
tremely metal-poor galaxies are expected to be of very low 
luminosity because of the metallicity-luminosity relation 
(e.g., Skillman, Cote & Miller 2003) and for that reason 
they are rejected from the list of targets for SDSS spec- 
troscopy. The SDSS aims at obtaining a complete sam- 
ple of galaxies brighter than a Petrosian magnitude r* = 
17.77 (see Stoughton et al. I2002f) . Galaxies with an abso- 
lute brightness of ~ -14 mag, similar to that of I Zw 18, 
are already fainter than the completeness limit at a red- 
shift of 0.01. The selection criteria for the HeBCD galaxies 
were completely different. The objects were chosen from 
objective prism surveys to have large equivalent widths of 
the H/3 and [O in] A4959, 5007 emission lines, mainly for 
the determination of the pregalactic helium abundance. 
Therefore the metallicity distributions of the two samples 
are expected to be different. 

We find no significant trends with the oxygen abun- 
dance for the Ne/O and S/O abundance ratios (Figs.Et - 
although higher- metallicity galaxies have log Ne/O by 
~0.1 dex higher than low-metallicity galaxies. This small 
trend is likely caused by a bias in the Ne/O abundance de- 
termination, as discussed before. Formally, one can write 
Ne/O = /CF(Ne)x(Nc ++ /0 ++ ). As explained in Sect. 
3, we have adopted /CF(Ne) = 1 whereas it is smaller 
than unity and decreases with decreasing of ++ /0 + . 
In Fig. |5p,, we show with the solid curve the value of 
ICF(Ne) as a function of ++ /0 + for a sequence of pho- 
toionization models with metallicity Z — Zq/5, computed 
using the stellar atmospheres from Smith et al. (2002), 
but otherwise identical to the sequence of models that 
matches the "high metallicity bin" of our sample galax- 
ies (cf. Stasinska & Izotov[2(]]25|for more details). We see 
that indeed ICF(Ne) is slightly smaller than unity at low 
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Fig. 7. Nitrogen-to-oxygen abundance ratio, log N/O, vs 
equivalent width of H/3 emission line, EW(H/3), for the 
galaxies in three metallicity bins defined as in Stasinska 
& Izotov 



excitation. The effect on JCF(Ne) is even larger for lower 
metallicity, because the stellar energy distribution in the 
Lyman continuum is then harder. However, galaxies with 
lower metallicities tend to have higher ++ /0 + , as seen in 
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Fig-Ebi therefore the bias in the derived Ne/O ratio ends 
up being unimportant. In Fig.[|Ji, we have also plotted the 
derived Ne/O values for our sample galaxies, and drawn 
as a dashed line the observed trend, which is clearly oppo- 
site to the trend in 7CF(Ne). The correction for JCF(Ne) 
shown in Fig. would thus reduce this trend. 

We find that the Fe/O abundance ratios are generally 
significantly smaller than solar and similar to the ones de- 
rived in the most metal-poor stars in the Galaxy (Caretta, 
Gratton & Sneden ,2000|- This may argue in favour either 
of a moderate depletion of iron onto dust grains or of pro- 
duction of iron being dominated by type II supernovae 
(arising from massive stars). However we note a slight de- 
crease of the Fe/O abundance ratio with increasing metal- 
licity (by ^0.2 dex when the oxygen abundance increases 
by one order of magnitude as seen in Fig. |3j3) . This im- 
plies that some depletion occurs in the high-metallicity 
galaxies. Nevertheless, the similarity of the Fe/O abun- 
dance ratios in the studied galaxies and halo stars favours 
the production of iron being dominated by type II super- 
novae, which implies an age of < 1 - 2 Gyr, i.e. before 
the contribution of type la supernovae (which arise from 
intermediate mass stars) becomes important (Thuan et al. 
ITM51 Izotov & Thuan 1X5551) . 

We now compare the abundance patterns we find for 
the local metal-poor emission-line galaxies with those 
found for DLAs (e.g., Centurion et al. l2UU3|) . Many DLAs 
actually follow the N/O vs O/H distribution of the lo- 
cal dwarf emission-line galaxies. This suggests similar star 
formation histories and evolutionary status for these two 
classes of objects. However, we have found no local coun- 
terparts of the high-redshift DLAs with log N/O Ss -1.6. 
It has been proposed (e.g., Centurion et al. 12003) that 
DLAs with low N/O abundance ratio are young systems 
just starting to form stars and where both N and O are 
produced by massive stars, while DLAs with high N/O 
abundance ratio as well as local emission-line galaxies are 
older, with an age of at least several hundred Myr, to al- 
low the intermediate-mass stars to deliver their nitrogen. 
This conclusion is in line with predictions of the evolu- 
tion of rotating stars (Meynet & Maeder r2()()2fl . However, 
such an interpretation presents problems. In the N/O vs 
O/H plane, DLAs with high N/O and DLAs with low N/O 
abundance ratios form two discrete groups. It is not clear, 
as discussed by Centurion et al. (2003), why only very 
young DLAs with low N/O and relatively evolved DLAs 
with high N/O are found, while no intermediate case is 
known. New observations and studies of a larger sample 
of DLAs and local emission-line galaxies are necessary to 
clarify the situation. 

If the nitrogen and oxygen production scenario dis- 
cussed above holds, then the low N/O dispersion in the 
galaxies with low oxygen abundances in Fig. |3l can be 
explained by massive stars continuously producing oxy- 
gen and intermediate-mass stars continuously producing 
primary nitrogen. However, the large spread of the N/O 
abundance ratios at higher metallicities needs to be ex- 
plained. In Fig. we show the N/O abundance ratios as a 



function of the H/3 equivalent width EW(H/3). The sam- 
ples are split into three metallicity bins following Stasinska 
& Izotov (2003| . No trend is seen in the low- metallicity bin 
(but the number of the galaxies and the range of EW(H/3) 
are small). On the other hand, clear trends are present 
for the galaxies in the intermediate- and high-metallicity 
bins for which the N/O abundance ratio and its disper- 
sion increase when EW(H/3) decreases. Since EW(H/3) is 
an indicator of the age of the latest burst of star forma- 
tion in the galaxy (but see the discussion by Stasinska & 
Izotov 2003 ), the trends and large dispersions of N/O in 
the intermediate- and high-metallicity bins (Fig. 0) can be 
explained by the additional production of nitrogen in mas- 
sive Wolf-Rayet stars arising from the latest burst, on top 
of the nitrogen produced by intermediate-mass stars. This 
effect is expected to be lower for the H n regions in the 
low-metallicity bin because of a significantly lower fraction 
of Wolf-Rayet stars at low metallicities. Note, however, 
that a few cases of extremely low-metallicity galaxies have 
been reported in the literature with log N/O slightly larger 
than -1.6 (van Zee lMIHI Skillman et al. ESouTij) . These ob- 
jects have EW(H/3) of the order of 100A, therefore the 
most massive stars from the latest burst have probably 
had time to evolve and enrich the nebula in nitrogen. A 
larger sample of extremely low-metallicity galaxies would 
be welcome to study this issue in more detail. 

5. Conclusions 

We have discussed in this study the abundances of the 
heavy elements in the 310 emission-line galaxies from the 
sample of the Sloan Digital Sky Survey (SDSS) Early Data 
Release (EDR) with a detected [O ill] A4363 emission 
line, allowing a direct element abundance determination 
based on the electron temperature. We have shown that 
the abundances are biased for galaxies with spectra of low 
excitation, and we attribute this bias mainly to a false 
detection of [O in] A4363 or to a wrong placement of the 
continuum due to a low signal-to-noise ratio and adjacent 
stellar absorption lines. However, we cannot exclude that 
an additional heating mechanism different from the stel- 
lar radiation may be important for low-excitation galaxies. 
We have corrected for this bias by requiring that the Ar/O 
ratio be equal to the expected value. After correcting for 
this bias and merging the SDSS sample with the sample of 
the galaxies with large equivalent widths of emission lines 
(HeBCD sample), we obtain a sample of ~ 400 emission- 
line galaxies in total. Our main conclusions are as follows: 

1. Despite an examination of the entire SDSS EDR 
sample of galaxies, we found no galaxy with extremely low 
metallicity (12 + log O/H < 7.6, i.e. Z < Z Q /12) while the 
HeBCD sample which consists of ^100 galaxies contains 
about 15 such galaxies. We suspect that the spectroscopic 
data base of the SDSS actually discriminates against the 
most metal-poor galaxies. 

2. Emission-line galaxies from the SDSS sample in 
general follow the distributions of the N/O, Ne/O, S/O, 
Ar/O, Fe/O abundance ratios vs oxygen abundance found 
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earlier for the galaxies in the HeBCD sample (Thuan et 
al.HnnSI Izotov & Thuan IT353I) . 

3. The a element-to-oxygen abundance ratios do not 
show any significant trend with oxygen abundance. 

4. The Fe/O abundance ratio shows a significant un- 
derabundance of iron relative to oxygen as compared to 
solar, suggesting either depletion of iron onto dust grains 
or a dominant production of iron in the massive super- 
novae of the type II. We favour the latter explanation, 
which implies an age of less than ~ 1 — 2 Gyr. 

5. No galaxy with log N/O ^ -1.6 was found suggesting 
that local low-metallicity emission-line galaxies are differ- 
ent from those as high-redshift DLAs with the consider- 
ably lower log N/O of ~ -2.3. These DLAs are considered 
to be truly young galaxies, with nitrogen produced only 
by massive stars. If this interpretation is correct, then our 
sample of <~ 400 dwarf emission-line galaxies contains no 
extremely young galaxy (i.e. with an age ^ 100 - 300 
Myr). 

6. Our data indicate a gradual enrichment of the galax- 
ies in nitrogen by massive stars from the most recent star- 
burst. The effect is best seen among galaxies from our 
sample that have intermediate metallicities. 
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